Two sets ofhigh~temperature platinum resistance thermometers of different design have been tested in the temperature range 0 to 1100 GC. One set was constructed at the National Institute of Metrology. in the People's Republic of China, and the other at the National Bureau of Standards. The results of the tests provide information on long-and shorHime thermometer stability, and on other characteristics such as temperature coefficient, immersion, self-heating effect. electrical leakage, and durability. The results also show that the behavior of the two sets is similar enough to allow them to be considered as a single set of thermometers, and that the sets perform as well as, or better than, other sets of thermometers tested earlier. It is expected that this information will aid in the evaluation of the high-temperature platinum resistance thermometer as an interpolating instrument for a practical temperature scale up to the gold point.
Introduction
The high-temperature platinum resistance thermometer has long been advocated as a standard interpolating instrument for a practical temperature scale up to the gold point, in place of the standard thermocouple. Acceptance of the resistance thermometer for this purpose is likely to come only when sufficient information is available for careful evaluation of thermometer characteristics and performance as they relate to the definition of a practical temperature scale.
The experiments and results reported here are intended to provide some of the needed information on the behavior of high-temperature resistance thermometers; specifically on the following characteristics: Another purpose of this paper is to describe some experimental procedures that have proved useful in evaluating thermometer performance. The procedures require little in the way of apparatus beyond what is needed for routine thermometer measurement, calibra tion, and conditioning.
A third purpose of this paper is to report on the behavior of two sets of high-temperature platinum resistance thermometers from different sources and of different design. One set was constructed at the National Institute of Metrology (NIM), Beijing, People's Republic of China; the thermometers were lent to the National Bureau of Standards (NBS) for testing. The other set was constructed at the NBS. Both types of thermometers have been described in the literature [1] [2] [3] [4] [5] [6] .'
IPigures in brackets indicate the literature references at the end of this paper.
General Methods and Equipment
The general methods and equipment that were used to test the thermometers also have been described [3] . The descriptions are repeated in the following sections for convenience and completeness; they have been updated, where necessary, to apply to the lower resistance thermometers that were used in the present experiments.
Thermometer Heat-treating Furnace
Thermometers are heat-treated in a vertical annealing furnace capable of reaching 1100 "C. The furnace contains a relatively short cylindrical electrical heater near the center that heats only the resistor and a short section (a few centimeters) of adjacent leads to the selected heating temperature. During heat treatment, the thermometers are inserted into closed-end, silica-glass furnace wells, with the resistors situated in the hottest region of the furnace. The space between the wells and the heater contains only air. Six thermometers can be heated at one time.
The furnace is controlled by a Type B thermocouple (Pt-30%RhlPt-6%Rh), and it is monitored by a Type S thermocouple (Pt-IO%Rh/Pt). A calibrated test thermometer can also be used for monitoring. The control system is capable of maintaining the furnace at a desired temperature within about 2 K, and is also capable of controlling furnace cooling at a uniform rate of 80 K/h.
For heat treatment, the thermometer sheaths are ftrst thoroughly cleaned by appropriate means (e.g., acids or solvents) to remove dirt and ftngerprints. The thermometers are then inserted into the furnace described above, which has been set to control at the desired temperature. At the end of the heating period, the control system is set to reduce the furnace temperature at the programmed rate of 80 K/h so as to avoid quenching in lattice-site vacancies [7] . When the furnace temperature reaches about 520 "C, the thermometers are removed. This procedure avoids the effects of the platinum oxidation that could Occur if thermometers were allowed to cool slowly to room temperature [8] .
2_2 Fixed Points
The triple point of water is realized in a conventional sealed glass cell. The ice mantle is prepared using a special immersion cooler [9] at least 24 h before measurements are to be made, and the cell is stored in an ice bath. During use, the ice mantle is free to rotate within the cell, the annulus between the cell well and the thermometer contains an aluminum bushing and water, and the cell is shielded from ambient radiation. When a thermometer is fully immersed in a triple-point cell, the bottom tip of its sheath is about 275 mm below the surface of the liquid water.
The metal freezing points are also realized in sealed cells. The high-purity metal is contained in a graphite crucible with a re-entrant graphite well, and the graphite is surrounded by a sealed glass envelope. Before the cell is sealed, it is evacuated and ftlled with enough pure argon to provide a pressure of I atm at the freezing point. The cell is similar to the type I cell described by Furukawa [10] .
The freezing points of all the cells have been found to be sufftciently constant during a single freeze, and sufftciently reproducible from freeze to freeze, to Serve the requirements of thermometer testing. The tin, zinc, and silver cells contain Standard Reference Material metals (SRM 741, 740, and 748, respectively) obtained from the NBS Offtce of Standard Reference Materials. The materials are known to be of high purity (less than 1 ppm total impurity content), and the freezing points of the tin and zinc cells have been established to be well within 1 mK of the freezing points maintained in the NBS Thermometer Calibration Laboratory. The aluminum cell contains metal obtained from a commercial supplier who reported the impurity content to be less than 1 ppm. The gold cell contains a sample used in an earlier cell [11] . From the results of tests conducted with the earlier cell, including a comparison with the freezing point of a sample of known high purity, the freezing point of the present cell is believed to be within about 10 mK of the gold point. All of the cells except the gold cell provide a depth of thermometer immersion, from the top of the liquid metal to the inside bottom ofthe graphite well, of about 17 cm. The immersion in the gold cell is about 15 cm.
The metal freezing-point cells are heated in vertical electrical furnaces different from the annealing furnace. These furnaces are similar to those described earlier [11] , but the present furnaces employ only a single long heating zone, and temperature equalization is achieved with aluminum cylinders or heat pipes. The tin and zinc cells are encased in aluminum cylinders located near the center of the zone; the cylinder walls are about 2 cm thick. The aluminum, silver, and gold cells are centered in coaxial heat pipes, about 10 cm o.d., 5 cm i.d., and 45 cm long, made of Inconel and containing sodium as the working fluid. The cylinders and heat pipes serve to establish for the cells a uniform temperature environment that is maintained about I K below the freezing point by control systems during freezing.
The metal freezing points are established by induced freezing. Except for tin, the molten metals are allowed to cool slowly through the supercooled region until they recalesce. A solid mantle of metal is then induced on the cell well by inserting a cool rod. For tin, the freeze is induced in the supercooled metal by blowing air down the cell well, recalescence being detected by a thermocouple wrapped around the glass envelope.
Test thermometers are first preheated for about 5 min in the furnace just above the freezing point cell, and then measurements at full thermometer immersion are started after the system has come to thermal equilibrium. Except for special tests, the measurement process takes about 30 min, and at least five thermometers can be tested in a single freeze at the tin, zinc, and aluminum points. The gold and silver are remelted after each thermometer test. After testing at the gold, silver, or aluminum points, thermometers are placed in the annealing furnace, held at a temperature near the fixed point for 30 minutes, and then cooled at the programmed rate to 520 'C to anneal out lattice site defects. Following this, and also after tin-and zinc-point measurements, the resistance at the triple point of water is determined.
Electrical Measurements
Measurements of thermometer resistance are made with an automatic self-balancing bridge [12] , and a computer is used to control the operation of the bridge and record the data. The bridge utilizes square-wave excitation, normally at 30 Hz, though 15 Hz can be selected. It also has provision for selecting thermometer measuring current of 1, 2, 4, or 8 rnA and one of four resistor input channels. It can resolve resistance to less than 1 micro-ohm with a linearity of 1 part in 10'. Thermometer resistance is determined from a sequence of measurements of both the thermometer and a relatively stable (20 micro-ohm per year drift) lO-ohm standard resistor located in a temperature-controlled oil bath. When a thermometer, carrying a normal measuring current of 4 rnA, has come to thermal equilibrium in a fixed-point cell, 10 readings of its resistance are recorded. The system then switches to the standard resistor and records 10 readings at the same current. Immediately thereafter, the thermometer is reconnected to the bridge and the measuring current is doubled. When the thermometer has come to thermal equilibrium at this higher current (a period of 3 min is usually allowed), additional sets of 10 readings are recorded for the thermometer and standard resistor. The entire process takes about 7 min. From these data, a mean value of the ratio of thermometer resistance to standard-resistor resistance, extrapolated to zero measuring current, is computed and stored. The computer also calculates the heating effect of the normal measuring current, and the estimated standard deviation of the computed mean ratio value. This standard deviation seldom exceeds the equivalent of 0.2 micro-ohm.
Thermometers
The thermometers used in the experiments were in some ways similar to other high-temperature platinum resistance thermometers that have been described in recent years [3, 5, 11] . The temperature sensing resistors were 1 to 3 em long and about 0.5 cm in diameter, they were connected to four platinum leads, and they were sealed in long (70-80 cm) silica-glass tubes. Thermometer resistance at 0 'C was small-less than 1 ohm.
In other ways the thermometers were novel. The resistors in the NIM thermometers were of the singlelayer, bifilar helix design, but the support for the resistor wire consisted of a single notched silica-glass blade, rather than the customary cross. The NBS thermometers employed newly-designed "toroidal" resistors and guarded leads. Detailed featnres of the thermometers are presented in tables I and 2.
The NIM thermometers had been stabilized by heat treatment, as indicated in table 2, before they were transported to NBS. Properties of the thermometers measured at the NIM during the stabilization are shown in figure 1. Upon their arrival at the NBS the four NIM thermometers were inspected. It was observed that three thermometers (18227, 18236, 18237) had bent sheaths, and that in two of the thermometers (18227 and 
Experimental Procedures and Results
Unless otherwise indicated. the general methods and equipment described above were used throughout the experiments. The internal guard of the guarded lead thermometers was connected to the bridge guard circuit during measurement [13] . except for special tests. All experimental results are reported in the appendix tables. The values of resistance in the tables are given by where R (th) is the value of the thermometer and R (sr) is the value of the standard resistor, as measured by the bridge. The factor 10 in eq (1) is the nominal resistance of the standard resiStor; it is included so that R is appro,,-imately in ohms. If the factor were to be replaced by the actual value of the standard resistor in absolute ohms, then R would also be in absolute ohms. This WaS not considered necessary for the present investigation because all results were derived from ratios of R values. In the time required to obtain the values of R for a single ratio, the standard resistor did not change significantly.
The flfst experiment consisted of two runs (series of measurements of thermometer resistance at fixed points) with an intervening exposure of the thermometers to high temperature. In the first run, the resistance of a thermometer was determined at thermometric fixed points in the sequence TP, AU, TP, AG, TP, AL, TP, ZN, TP, SN, TP, where TP designates the triple point of water and AU, AG, AL, ZN, SN designate the freezing points of gold, silver, aluminum, zinc, and tin, respectively. Three or four thermometers were ;"easured in a single freeze at the tin, zinc, and aluminum points, but at the gold and silver points, separate freezes were used for each thermometer. The measurements were made with the thermometer fully immersed in the freezing-point cells and in the triple-point cell. Thermometer resistance was determined both with the normal measuring current and with twice the normal current; the value of resistance for zero power dissipation was calcnlated from these two determinations. The thermometer was then heated in a vertical position at 1100 °C for 100 h and cooled slowly as described above (sec. 2.1), and the measurement sequence was repeated for the second run. The results are given in tilbles A la-g of the appendix.
The second experiment was conducted at the silver point. A "mesh" made of 0.25 mm diameter platinum wire was placed around tlie sheath of a thermometer before it waS inserted into the silver freezing-point cell. Upon insertion, the mesh was situated in the small annUlus between the silica-glass sheath Of the thermometer and the silica-glass cell guide tube and cell well,. thus preventing direct contact between the. sheath and the guide tube and well. The mesh extended all the way from the bottom of the thermometer to the top of the cell guide tube at room temperature, where it was connected electrically to the bridge guard circuit, forming an external electrical thermometer guard. Thermometer resistance determinations were made, with the normal measuring current, at 5 min intervals as the silver was allowed to freeze slowly. From time to time the connection between the bridge guard circuit and the thermometer guards was changed, or the guard circuit was disconnected completely. Results for all thermometers except No. 18227 (NIM) are given in tables A2a-f of the appendix.
Thermometer No. 18227 was not tested in the second experiment because the slightly larger diameter of its sheath did not leave enough room in the cell well to accommodate the wire mesh. Similarly, the slightly smaller diameter of the gold-point cell well prevented the use of the external guard with any of the thermometers at the gold point.
In the third experiment the immersion characteristics of the thermometers were compared at the freezing point of zinc. The zinc point was chosen for this experiment because electrical leakage effects were negligible, and because it was easy to establish long periods of constant temperature. Only the normal measuring current was used; precise determination of variations in thermometer self-heating would have been obscured by the limited bridge resolution of the thermometers' low resistance. Measurements were made at 5 min intervals at various vertical stations (in em) in the cell well. The results are given in tables A3a-b of the a ppendix. At station 0, the thermometer sheath was fully immersed in and resting on the bottom of the cell well.
Analysis of Data

First Experiment
The data obtained in the first experiment may be analyzed by deriving the resistance ratio at each fixed point from the resistance values given in tables Ala-g. The resistance ratio at a fixed point, designated by W(FP), is defined by
R (FP) is the resistance at the fixed point taken from the tables. R (0) is the associated value of thermometer resistance at 0 'C; it is derived from the mean of the values of R (TP) immediately preceding and following R (FP) in the tables, taking into account a correction for the depth of immersion of the thermometer in the triplepoint cell. IValues derived from resistance values given in tables Ala_g.
2W(FP)=R(FP)/R(O), where R(O) is derived from the mean of the values of R(TP) before and after R(FP),
we define a simple "temperature scale" on which values of temperature (designated by t') lie close to values on ordinary scales. The resistance ratio of a thermometer is related to a value on the scale by
The Table 6 summarizes pertinent statistics of the values in table 5 . The data are analyzed in various subsets and combinations of subsets as indicated. "Mean" is the arithmetic mean of the equally weighted values in the subset. "SD" is the estimate of the standard deviation of one value in the subset derived from the data in the subset. "Range" is the difference between the maximum and minimum values in the subset. All values are given in "degrees" on the "temperature scale" -close to degrees C or kelvins on ordinary scales. Table 7 gives the temperature equivalents of the resistance ratio changes between run I and run 2. The temperature differences are estimated from l1t=l1W /(dW /dt), (5) where l1W = W(run 2)-W(run 1), and W(run 1) is the value of W(FP) determined in run I at a fixed point, and W(run 2) is the value of W(FP) at the same fixed point determined during run 2, both taken from table 3. The derivative dW /dT, obtained by differentiating eq (3), is The resnlts of an analysis at the silver point using a the difference between the largest and the smallest of its six R (TP) values in a run. The other two statistics, "Max" and "RMS," deal with successive differences between values of R (TP) in a given run. These successive differences are of interest because the value of W(FP) is calculated from the mean of successive values of R (TP) bracketing a value of R (FP). "Max" is the largest of such successive differences in a run, without regard to sign of the difference. "RMS" is the square root of the mean of the squares of such successive differ-
ences.
IW(t')= l+At' +Bt'2. The data obtained in the second experiment may be examined by plotting thermometer resistance as a func· 
Second Experiment lValues of t ' derived from indicated values of W(FP) in
where R is thermometer resistance at the silver point, W is W(AG) taken from table 3, and the derivative dW Idt, found by differentiating eq (3), is evaluated at the silver point using the coefficients in table 4 and the mean value of t'(AG) in table 6.
Third Experiment
The data obtained in the third experiment may also be examined by plotting. In this case the differences between thermometer indications at full immersion and at reduced immersion are plotted as a function of immersion. We start by computing for each thermometer the resistance differences. Time. h
from the data in tables A3a and A3b. R (station x) is the resistance measured when the thermometer is at one of the stations above station O. R (station 0) is the average of resistance measurements at station 0 before and after the measurement at station x. The resistance differences are then converted to equivalent telJ1perature differences using eq (6), but with the second term evaluated for the zinc point. The resulting temperature differences are plotted as a function of immersion station up to station 10 in figures 9 and 10. The straight line with intercept at At =0 in the plots represents the expected decrease in temperature with iminersion due to the hydrostatic pressure of the liquid mefa\.
Evaluation of Thermometer Characteristics
Long-Time Stability at High Temperature
The effect of 100 h exposure at 1100 °C upon the thermometers may b~ judged from the results presented in tables 3 -10. Changes in derived values can be abguard from the data in taljle A2f. The curve labeled "Both guards" represents measurements 'taken with both !he external guard and the internal thermometer guard connect~d to the bridge guard <> circuit. The curve labeled "Exguard terna! guard" represents measurements taken with only the external guard connected, and the curve labeled "Internal guard" represents measurements taken with only the internal guard cOIUlected. The curve la-0 beled "No guard" represents measurements taken with neither guard connected to the bridge guard circuit. 4 5
served, and the group of thermometers as a whole tends to exhibit a downward drift in resistance ratio upon exposure (see tables 3 and 7). The results in table 7 show average changes for the group as a whole to be equivalent to 10.4 mK at the gold point, 12.3 mK at the silver point, and 8.4 mK at the aluminum point after the 100 h exposure. A comparison of the results in table 6 and 8, based on run 1 "calibration coefficients," shows an increase in the variability of extrapolated values of t' after the exposure. However, the thermometers are apparently not degraded in their ability to measure values on the design;lted "temperature scale" because of the exposure, as shown py a comparison of the statistics for run I and run 2 in tabl~ 6. Upon "recalibration" at the tin and zinc points, the mean extrapolated values of t' at the gold, silver, and aluruinum points in run 2 differ little from the viUues obtained in run I; the differences are 4.1,5.7, and 2.3 mK respectively. Similarly, the statistics in table 9 show a change of only 2.1 mK in the mean value of t" at the silver point. As to thermometer ·variability, the statistics show the variability of t', after recalibration, actually to be less in run 2 than in run I. This is attributed more to a somewhat better precision inllleasurements in run 2 than to an effect of the exposure. Table 10 
Short-Time Stability upon Temperature Cycling
The short-time stability of a thermometer subjected to the temperature cycling of either run in the first experiment, which is assumed to be typical for a thermometer calibration procedure, may be partially assessed from variations in the thermometer resistance at the triple point of water. The results are given in table 10 . The variability of resistance ratios will depend in part on the variability of R (TP), since a resistance ratio is derived from the mean of before and after R (TP) determinations. Thus l the root-mean-square variations of R (TP) given in the table could be expected to contribute the following temperature equivalents to the standard deviation of a determination of W(FP): 0.9 to 2.7 mK at the gold point, 0.8 to 2.4 mK at the silver point, 0.6 to 1.7 mK at the aluminum point.
Temperature Coefficient of Resistance
The high values of the alpha coefficient given in table 4 show that the platinum in all of the thermometers is very pure and in a well defined physical state. The changes in alpha coefficients produced by the 100 h exposure at 1100 'C are consistent with the changes observed in resistance ratios at the fixed points.
Immersion Characteristics
The results of the third experiment provide some information about thermometer immersion characteristics. It must be emphasized that immersion behavior depends not only on thermometer characteristics, bnt also on details of the environment surrounding the thermometer. Figures 9 and 10 show the immersion behavior of the thermometers in the zinc cell.
The set of NIM thermometers appears to "track" the temperature gradient produced by hydrostatic pressure over the bottom 4 cm of immersion, while the set of NBS thermometers probably tracks the gradient over the bottom 2 cm of immersion. Consequently, immersion losses at the zinc point are probably not a major source of error in the temperature determinations with any of the thermometers. While it is believed that immersion losses at other fIxed points used in the experiments are not a limiting source of error, a more thorough examination of thermometer immersion behavior in all of the fixed-point cells would be highly desirable, if measurements could be made with adequate precision (see below).
Heating Effect of Measuring Current
Heating effects at all fixed points are listed in tables Ala through Alg. It may be noted that the heating effect in theNIM thermometers due to the 4 rnA measuring current is small and almost negligible. The larger heating effect in the NBS thermometers (and also the poorer immersion characteristic noted above) is attributable to resistor design; half the resistor wire is remote from the wall of the thermometer sheath in the toroidal resistor.
Electrical Leakage of Thermometer Supporting Parts
The results of the second experiment, plotted in figures 3 through S, provide some information about the effects of electrical leakage in the thermometers. The experiment takes ad vantage of the electrical guard driving circuit available in the automatic bridge used. The internal guard system in the guarded lead thermometers (NBS) reduces the error due to electrical leakage from lead to lead in the thermometer, and from the thermometer leads to the bridge through ground. It does not, however, prevent leakage at the unguarded resistor. The external guard temporarily installed on the thermometers reduces only the effects due to leakage through ground between the thermometer and the grounded bridge.
It is evident from the data that leakage through ground is a major source of error in all of the thermometers when they are measured "with a grounded instrument, and that the internal guard system used only par· tially eliminates the error. Without any guarding. leakage effects at the silver point can amount to 20 mK or more. In other preliminary tests with internally guarded thermometers, it has been found that the effect is even greater at the gold point, but may be very small at the aluminum point. The data do not reveal whether the external guard completely eliminates the leakage through ground.
The data show that the effect can vary considerably from thermometer to thermometer. The effect may also vary from time to time in a particular thermometer. It has been observed that in some thermometers, in the absence of an external guard, a small movement of the thermometer during measurement in a high temperature fixed-point cell can alter the electrical leakage. The effect thus adds to the imprecision of measurements, and, in experiments such as immersion tests in the cells, may obscure results.
Tnermometer Durability
The thermometers experienced no catastrophic failures and no obvious mechanical degradation during the course of the experiments. The bending of support blades in two of the NIM thermometers and the separation of a lead in one of the NBS thermometers during initial stabilization suggest potential problem areas in the two designs.
Agreement Among Thermometers of Derived Temperature Values
The agreement among thermometers has been tested by means of two "temperature scales.
I ' For one scale, on which values of temperature are designated by the symbol (' ~ the thermometers are "calibrated" at the tin and zinc points, and then the values of temperature are determined at the aluminum, silver, and gold points by extrapolation. For the other scale, on which the thermometers are "calibrated" at the aluminum and gold points, the values of temperature (designated by the symbol t ") at the silver point are determined by interpolation. These procedures allow comparison of derived values at the available constant-temperature fixed points, and the measures of variability given in tables 6 and 9 describe the agreement among thermometers using the procedures.
It is unlikely that a practical temperature scale at high temperatures would be defined by extrapolation from lower temperatures, as in the case of the "t' scale." Such a procedure exaggerates the variability in derived temperature values due to propagation of normal and unavoidable calibration errors. It is more likely that a practical scale will be devised so that values of temperature can be derived by interpolation between adjacent defining fixed points, as in the case of the "I" scale". Table  9 shows a smaller variability in I" at the silver point (an interpolated value) than is shown in table 6 for t' at the silver point (an extrapolated value). A practical temperature scale utilizing all of the fixed points, including the silver point, could be expected to exhibit even less variability in derived temperature values. Therefore, the variations among thermometers reported here are larger than would be expected with the use of a well-designed temperature scale; the variations should be considered as upper bounds on thermometer variability.
Despite its limitations, the "t' scale" is useful for comparison purposes because of its simplicity and because the data necessary for deriving values on it are often available. In the present case, it reveals little difference between the two groups of thermometers, and in fact, all Seven thermometers may be considered as a single set. It is interesting to compare these results with results obtained earlier using other sets of thermometers. This is done in table 11, where the results obtained with 2.5-ohm guarded-lead thermometers measured with the grounded automatic bridge [3] , and the results obtained with O.25-ohm unguarded "birdcage" thermometers measured with isolated de instrllmentation [11] , are summarized along with the present results. The summary shows differences between mean values at the fixed points that may be attributable, at least in part, to leakage problems. The summary also shows a decreasing variability in measurements in the past decade, though the decrease is not very dramatic. INIMINBS: 14 independent determinations at eacl1 of the fIXed points with 7 thermometers, this report. 2NBS 2.5 ohm: I E independent determinations at AU, 16 independent determinations at AG and AL with 8 thermometers, reported [ll in 1982.
lBirdcage: 27 independent determinations at AU, AG, and the antimony point with 9 thermometers, reported [11J in 1971.
"SD: estimate of standard deviation of one value in hldicatecl set.
Summary and Conclusions
The results of the experiments reported here show that the two sets of high-temperature platinum resistance thermometers tested, thermometers from different sources and of different design, behaved in a similar manner. The thermometers proved to be enough alike in their characteristics and performance that they could be considered as a single class.
It waS found that upon prolonged exposure to high temperature the resistance ratios of the thermometers, On the average, changed by the equivalent of only 8 to 12 mK at high temperature fixed points. The exposure (100 h at 1100 0c) was probably more severe than that to which thermometers would normally be subjected.
The thermometers were subjected to cycling between high temperatures and room temperature, comparable to cycling that would be encountered in normal use and calibration. The variability in thermometer resistance at the triple point of water with such cycling, expressed as a root-mean-square relative change in resistance per cy· c1e, was found to range from ahout I to 3 parts in 10'. This variability in resistance is equivalent to temperature increments of 0.3 to 0.8 mK at the triple point; it would contribute the equivalent of about I to 3 mk to the variability of resistance ratios at the gold point derived from the mean of bracketing triple-point determinations.
The thermometers proved to be durable; the lOO·h exposure produced no pronounced mechanical change in them, and throughout the tests their alpha coefficients remained greater than 0.0039268 K-'. Self-heating effects and immersion characteristics of the thermometers were found to be commensnrate with thermometer design and not to be accuracy-limiting sources of error. When the thermometers were calibrated on a simple quadratic "temperature scale" and values determined by extrapolation to high temperatures, the standard deviation of a single thermometer measurement was estimated to be about 4 mK at the aluminum point, 10 mKat the silver point, and 15 mK at the gold point. These values were found to compare favorably with values determined in the past by other sets of low resistance thermometers_
In contrast, it was found that electrical leakage through ground, between a thermometer at high temperature and a grounded measuring instrument, introduced large errors. Errors equivalent to 20 mK or more were observed at the silver point, and even greater errors were indicated at the gold point. Internal guarding of thermometer leads ouly partially eliminated the leakage, while the use of an electrical guard ontside the thermometer appeared to be more effective. Consequently, the results reported here are probably biased by errors due to leakage effects, and variations in the leakage have also probably contributed to measurement imprecision. Electrical leakage through ground is believed to be the single largest source of error in the experiments.
Despite the problems with electrical leakage, it may be concluded from the results of the experiments that the thermometers tested are as good as or better than other thermometers tested in the past. A prior asseSSment has placed an uncertainty of about 10 mK on "state-of-the·art" resistance thermometer measurements up to the gold point [14] . In view of their exceptional long-time stability, agreement in derived temperature valnes, and other favorable characteristics, the present thermometers could be expected to perform equally as well, or better, if they were used so as to eliminate biases due to leakage. 
APPENDIX
